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$V WKH FRVWXPHUV GHVLUH RQ LQGLYLGXDO SURGXFWV LQFUHDVHV WKH FRPSDQLHV RIIHU D ODUJH SRUWIROLR RI FXVWRPL]HG
SURGXFWV >5DVWRJL @ 7R SURGXFH WKH VPDOO ORW VL]HV RI WKHVH SDUWV LQ DQ HFRQRPLF ZD\ WKH HVWDEOLVKHG
PDQXIDFWXULQJPHWKRGVOLNHFKLSSLQJSURGXFWLRQDQGIRUPLQJWHFKQRORJ\DUHOLPLWHG(VSHFLDOO\IRUPLQJSURFHVVHV
ZLWK WKHQHHGRIKLJKFRVW LQWHQVLYH WRROV FDQQRW IXOILO WKH UHTXLUHPHQWVRI VKRUW FKDQJHRYHUF\FOHVE\SURGXFLQJ
DIIRUGDEOH SURGXFWV $Q LQQRYDWLYH YHU\ IOH[LEOH PDQXIDFWXULQJ WHFKQRORJ\ ZLWK D KLJK GHJUHH RI JHRPHWULFDO
IUHHGRPLV WKHDGGLWLYHPDQXIDFWXULQJWHFKQRORJ\7KHUHTXLUHGSDUW LVEXLOGXSE\DGGLQJPDWHULDO7RSURGXFHD
VROLGSDUWWKHJHRPHWU\LVVOLFHGLQWROD\HUVDQGE\JHQHUDWLQJWKHVHOD\HUVVXFFHVVLYHO\WKHSURGXFWLVEXLOWXS7KLV
PDQXIDFWXULQJ WHFKQRORJ\ LVFDOOHGDò'SURFHVV7KHSULQFLSOHDOORZVDQRSWLPDOXWLOL]DWLRQRIPDWHULDODV WKH
SDUWFDQEHWRSRORJLFDOO\RSWLPL]HGRQWKHRFFXUULQJIRUFHV>*LEVRQ@,QWKHODVWIHZ\HDUVWKHUHVHDUFKHVIRU
DGGLWLYHPDQXIDFWXULQJLQFUHDVHFRQVSLFXRXVO\DVVRPHRIWKHSDWHQWVIRU)XVHG'HSRVLWRQ0ROGLQJ)0'>&UXPS
@UDQRXWDQGVRFDOOHG³'3ULQWHUV´ZHUHDIIRUGDEOHIRUVPDOOFRVWXPHUV$VLPLODUGHYHORSPHQWLVH[SHFWHG
IRUPDFKLQHVZRUNLQJZLWKVHOHFWLYH/DVHU%HDP0HOWLQJ/%0DVLQ-DQXDU\>'HFNDUG@SDWHQWVWKDW
SURWHFWHGWKLVWHFKQRORJ\H[SLUHG%RWKRIWKHVHDQGYDULRXVPRUHWHFKQRORJLHVDUHMXGJHGHFRQRPLFDOO\YLDEOHIRU
FRPPHUFLDOGHYHORSPHQW
3URFHVVHVIRUDGGLWLYHPDQXIDFWXULQJRIPHWDO
)RU WKHPDQXIDFWXULQJ RIPHWDO SDUWV WKDW FRXOG UHSODFH SDUWVPDQXIDFWXUHGE\ IRUJLQJ SURFHVVHVZLWK D KLJK
DPRXQW RI HQHUJ\ DUH UHTXLUHG WR SURFHVV WKH PHWDO PDWHULDO :LWKLQ WKH ODVW GHFDGHV VHYHUDO WHFKQRORJLHV IRU
DGGLWLYHPDQXIDFWXULQJRIPHWDOSDUWVZHUHGHYHORSHGDQGLQYHVWLJDWHG7KHPRVWFRPPRQRQHVDUHGHVFULEHGLQWKH
IROORZLQJ
2.1. Selective powder melting 
7RWDNHDGYDQWDJHRIWKHKLJKJHRPHWULFDOIUHHGRPRIDGGLWLYHPDQXIDFWXULQJWKHEHVWPDQXIDFWXULQJSULQFLSOHLV
WKHVHOHFWLYHPHOWLQJRI WKHPDWHULDO LQVLGHD OD\HURI ORRVHPHWDOSRZGHU7KHSURFHVVFRQYHQWXDOO\ LVFRQGXFWHG
LQVLGHDQDLUGHQVHSURFHVVFKDPEHUZLWKDEXLOGLQJSODWIRUPWKDWFDQEHDGMXVWHGLQ=GLUHFWLRQ7REXLOGDWKUHH
GLPHQVLRQDOSDUW D VHTXHQFHRI WKUHH VWHSV LV UHSHDWHG VXFFHVVLYHO\)LUVW WKHEXLOGLQJSODWIRUP LV ORZHUHGE\ WKH
KHLJKWRIRQHOD\HU$IWHUZDUGVDFORVHGOD\HURIORRVHSRZGHULVDSSOLHGE\DVRFDOOHGUHFRDWHU7KHDFWXDOEXLOGLQJ
RIWKHSDUWLVFRQGXFWHGE\PHOWLQJVHOHFWHGDUHDVRIWKHSRZGHUEHGZLWKDKLJKHQHUJ\EHDP7ZRSURFHVVHVDUH
NQRZQWRUHDOL]HWKLVPDQXIDFWXULQJSULQFLSOH
$ ODVHU EDVHG DGGLWLYH PDQXIDFWXULQJ SURFHVV RI WKUHH GLPHQVLRQDO PHWDO SDUWV LV WKH VHOHFWLYH /DVHU %HDP
0HOWLQJ/%0ZKHUHWKHUHTXLUHGHQHUJ\WRPHOWWKHPHWDOSRZGHULVSURYLGHGE\DKLJKHQHUJ\ODVHU7KHODVHULV
GLUHFWHG LQWR WKHSURFHVVFKDPEHUE\D'VFDQQHU WKDWDOORZVDIDVWPRYHPHQWRI WKHODVHUEHDP7RSURWHFW WKH
PROWHQPDWHULDO IURPR[LGDWLRQ WKHSURFHVVFKDPEHU LV IORRGHGZLWKDQ LQHUWJDV OLNHQLWURJHQRU DUJRQ >0HLQHUV
@
7KH VHFRQG SURFHVV WKDWZRUNVZLWK WKH VDPHPDQXIDFWXULQJ SULQFLSOH EXWZLWK DQ HOHFWURQ EHDP WRPHOW WKH
SRZGHU LV WKH(OHFWURQ%HDP0HOWLQJ (%0%HVLGHV WKH HQHUJ\ VRXUFH WKHPDLQ GLIIHUHQFH LV WKDW WKH SURFHVV
FKDPEHULVYDFXXPHGDVWKHHOHFWURQVZRXOGEHGLVWUDFWHGE\DLUPROHFXOHVRUJDVDWRPV>:KLWH@
2.2. Laser Beam Deposition Welding 
$QRWKHU LQGXVWULDO XVHG FRQFHSW LV DGGLWLYH ODVHU EHDP ZHOGLQJ )RU WKLV SULQFLSOH D ODVHU EHDP LV IRFXVHG
UHFWDQJXODU RQ DZRUNSLHFH VXUIDFH WRPHOW WKHZRUNSLHFHPDWHULDO 7KHPDWHULDO DGGHG WR WKHPHOW SRRO FDQ EH
DSSOLHGE\ZLUHVLPLODUWRDFRQYHQWLRQDOZHOGLQJSURFHVVRUDVSRZGHUE\XVLQJDQLQMHFWLRQQR]]OH7KHPHOWLQJ
SRRO LVSURWHFWHGIURPR[LGDWLRQE\DQLQHUWJDVFRYHUVLPLODUWRFRQYHQWLRQDO0,*ZHOGLQJ7KHPDLQDGYDQWDJH
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RYHUWKHSRZGHUEHGSULQFLSOHLVWKDWLWLVQRWOLPLWHGRQSODQHVXUIDFHVEXWWKHPDWHULDOFDQEHDSSOLHGRQWRIUHHIRUP
VXUIDFHV>7R\VHUNDQL@7KHUHIRUWKHDFWXDOZRUNLQJXQLWLVSODFHGRQDD[LVURERWRUDD[LVSRUWDOV\VWHP
2QH SURFHVVZRUNLQJZLWK WKH GHVFULEHG SULQFLSOH LV ODVHU DOOR\LQJ0DLQ FKDUDFWHULVWLF RI WKLV SURFHVV LV WKH
DGGLWLRQRI RQH VLQJOH OD\HU WKXV LW LV GHVLJQDWHG IRU D VXUIDFH WUHDWPHQW DQG D KLJKO\ WXUEXOHQWPHOWLQJSRRO WR
UHFHLYH D KRPRJHQHRXV PL[WXUH RI ZRUNSLHFH PDWHULDO ZLWK WKH DOO\LQJ HOHPHQWV 7KH WXUEXOHQW PHOWLQJ SRRO LV
HQVXUHGE\DG\QDPLFEHDPRVFLOODWLRQVKRZQLQ)LJD7KHDOOR\LQJPDWHULDOFDQEHDGGHGDVSRZGHU>.ORFNH
@ RU ZLUH >+RIPDQQ @ 7KHPDLQ GLVDGYDQWDJH RI ODVHU DOOR\LQJ ZLWK SRZGHU LV DQ LQKRPRJHQHRXV
VWUXFWXUHIRUPDWLRQEDVHGRQDVHSDUDWLRQRIWKHSRZGHUEHFDXVHRIGLIIHUHQWGHQVHRIWKHDOOR\LQJHOHPHQWV



)LJD0RYHPHQWRIDQRVFLOODWLQJODVHUEHDPSURGXFLQJDWXUEXOHQWPHOWLQJSRRO>+RIPDQQ@ESULQFLSOHRI/DVHU0HWDO'HSRVLWLRQ
>-XQNHU@
7KH PRUH FRPPRQ SURFHVV ZRUNLQJ ZLWK WKH ODVHU EHDP GHSRVLWLRQ ZHOGLQJ SULQFLSOH LV WKH /DVHU 0HWDO
'HSRVLWLRQ/0'WKDWLVVKRZQLQ)LJE6HYHUDOFRPSDQLHVKDYHGLIIHUHQWQDPHVIRUWKLVWHFKQRORJ\OLNH/DVHU
(QJLQHHUHG 1HW 6KDSLQJ /(16 IURP 2SWRPHF 'LUHFW 0HWDO 'HSRVLWLRQ '0' IURP 3UHFLVLRQ 2SWLFDO
0DQXIDFWXULQJ 320 RU /DVHU &RQVROLGDWLRQ IURP $FFXIXVLRQ >+HUGHULFN @:LWKLQ WKLV SURFHVV D ODVHU
EHDPLVIRFXVHGRQWKHZRUNSLHFHVXUIDFHWKURXJKD/0'ZRUNLQJKHDGWKDWLVQHHGHGIRUWKHSRZGHULQMHFWLRQ7KH
SRZGHU LV VXFNHG IURP WKH IHHGHU E\ DQ LQHUW JDV IORZ WKDW WUDQVSRUWV WKH SRZGHU IURP WKH SRZGHU WDQN WR WKH
SRZGHUQR]]OHZKLFKIRFXVHVWKHSRZGHUVWUHDPRQWKHPHOWLQJSRRO%\XVLQJVHYHUDOSRZGHUWDQNVLWLVSRVVLEOH
WR PL[ GLIIHUHQW SRZGHU PDWHULDOV >:HLVKHLW @ $V WKH SRZGHU LV LQMHFWHG LQWR PROWHQ PDWHULDO HYHQ QRW
PHOWDEOHPDWHULDOV OLNH FHUDPLFV FDQ EH SURFHVVHG WKDW DUH XVHG IRUZHDU UHGXFWLRQ RQ IRUPLQJ WRROV 7KHPDLQ
DSSOLFDWLRQRIWKLVSURFHVVLVFRDWLQJDQGUHSHDWLQJRIIRUPLQJWRROVEXWDOVRIRUUHSDLULQJFRVWLQWHQVLYHJRRGVOLNH
WXUELQHEODGHV>5RWWZLQNHO@'LVDGYDQWDJHRIWKHSURFHVVFRPSDUHGWRWKHSRZGHUEHGSULQFLSOHLVWKHOLPLWHG
JHRPHWULFDOIUHHGRPDVODUJHRYHUKDQJVGRQRWKDYHWKHVXSSRUWRIORRVHSRZGHUGXULQJPDQXIDFWXULQJ
2.3. Metal Powder Application (MPA) 
$QHZDGGLWLYHPDQXIDFWXULQJSURFHVVGHYHORSHGE\WKH+HUPOH$*LVWKH0HWDO3RZGHU$SSOLFDWLRQ03$WKDW
LVDWKHUPDOVSUD\SURFHVV6LPLODUWRWKH/0'SURFHVVWKHSRZGHUSDUWLFOHVDUHWUDQVSRUWHGE\DFDUULHUJDVWRWKH
GHSRVLWLRQ QR]]OH ,QVLGH WKH QR]]OH WKH SRZGHU VWUHDP JHWV FRYHUHG E\ DQRWKHU JDV IORZ WKDW DFFHOHUDWHV WKH
SDUWLFOHVWRDYHORFLW\IDVWHUWKDQWKHVSHHGRIVRXQG'XULQJWKHLPSDFWRQWKHVXUIDFHWKHSDUWLFOHVHQHUJ\FDXVHV
SUHVVXUHVXSWR*3DDQGWHPSHUDWXUHVWHPSRUDU\XSWR&WKDWOHDGWRDVWURQJGHIRUPDWLRQRIWKHSDUWLFOHV
DQGDELQGLQJFRQWDFW WR WKHZRUNSLHFH7KHVL]HRI WKHSDUWLFOHV LVZLWKP WRPVLPLODU WR WKDWXVHG IRU
/0'/%0DQG(%0%\XVLQJZDWHUVROXEOHILOOHUPDWHULDOLWLVHYHQSRVVLEOHWRPDQXIDFWXUHKROORZJHRPHWULHV
LQVLGHDSDUW7KHPDLQDGYDQWDJHRIWKLVSURFHVVLVWKHDEVHQFHRIKLJKWHPSHUDWXUHVDVWKH\H[LVWLQWKHODVHUEDVHG
SURFHVVHVGHVFULEHGDERYH7KDWDOORZVWKHPDQXIDFWXULQJRIKLJKFDUERQWRROVWHHOOLNHDQGDVZHOO
DV WKH FRPELQDWLRQ RI PDWHULDOV ZLWK YHU\ GLIIHUHQW PHOWLQJ WHPSHUDWXUHV OLNH WRRO VWHHO DQG FRSSHU ,W LV HYHQ
SRVVLEOHWRHPEHGWKHUPRFRXSOHVRUKHDWFRQGXFWRUV$VWKHWHFKQRORJ\RI03$LVSDWHQWHGE\+HUPOH$*DQGLV
MXVWRIIHUHGDVDQLQGXVWULDOVHUYLFHWKHXVDJHRIWKLVSURFHVVLVOLPLWHG>+HUPOH@
D
$PSOLWXGH
RVFLOODWLRQJHRPHWU\
PRYHPHQWRIVSHFLPHQ
IHHGUDWH
SRZGHU
QR]]OH
SRZGHU
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2.4. Metal Inert Gas (MIG) deposition welding 
$QRWKHUDGGLWLYHPDQXIDFWXULQJSURFHVVIRUJHQHUDWLQJPHWDOSDUWVZRUNVZLWKWKHSULQFLSOHRI)XVHG'HSRVLWLRQ
0RGHOOLQJ)'0WKDWLVHVWDEOLVKHGLQVRFDOOHG'SULQWHUVIRUWKHPDQXIDFWXULQJRISODVWLFSDUWVDQGDOVRIRUWKH
SURGXFWLRQRIPHWDOFRPSRQHQWV$VWKHODVHUEDVHGDGGLWLYHPDQXIDFWXULQJSURFHVVHVDUHVRUWRIZHOGLQJSURFHVVHV
WKH LGHD ZDV WR DGDSW WKH ZHOONQRZQ FRQYHQWLRQDO 0HWDO ,QHUW *DV 0,* DUF ZHOGLQJ IRU WKH DGGLWLYH
PDQXIDFWXULQJ%\ FRQQHFWLQJ KLJK HOHFWULFLW\ DQ HOHFWULF DUF DULVHV EHWZHHQ WKHZLUH DQG WKHZRUNSLHFHPHOWLQJ
ERWKSDUWQHUV7RSURWHFWWKHPHOWLQJSRROIURPR[LGDWLRQDQLQHUWJDVFRYHUVWKHZRUNLQJDUHD%\DGDSWLQJVXFKD
ZHOGLQJPDFKLQHRQDD[LVSRUWDO V\VWHP WKHDGGLWLYHPDQXIDFWXULQJRI WKUHHGLPHQVLRQDOSDUWVFDQEH UHDOL]HG
>'LFNHQV@
7KHPDLQDGYDQWDJHRIWKLVWHFKQRORJ\LVWKDW0,*ZHOGLQJLVDOUHDG\NQRZQLQLQGXVWU\IRUDFRXSOHRIGHFDGHV
DQGWKHUHIRUHPDFKLQHVZRUNLQJZLWKWKLVDGGLWLYHPDQXIDFWXULQJSULQFLSOHDUHUHODWLYHO\FKHDSFRPSDUHGWRWKRVH
ZRUNLQJZLWKDODVHU7KHPDLQGLVDGYDQWDJHVDUHWKHLQDGHTXDWHJHRPHWULFDODFFXUDF\DQGWKHVXUIDFHURXJKQHVVVR
DVXEVHTXHQWPDFKLQLQJRIWKHEXLOWSDUWLVUHFRPPHQGHG>6LPKDPEKDWOD@
2.5. Conclusion of additive manufacturing processes of metal 
5HJDUGLQJWKHGHYHORSPHQWRIDGGLWLYHPDQXIDFWXULQJZLWKLQWKHODVWIHZ\HDUVWKHYDULHW\RISURFHVVHVDVZHOODV
WKH SURFHVV UHOLDELOLW\ LQFUHDVHG VLJQLILFDQWO\ 7KH KLJK JHRPHWULFDO IUHHGRP SURFHVV IOH[LELOLW\ DQG WKH LGHDO
XWLOL]DWLRQRIPDWHULDODUHWKHPDLQUHDVRQVIRUWKHULVLQJLQWHUHVWRIWKHLQGXVWU\1HYHUWKHOHVVWKHWHFKQRORJ\LVVWLOO
IDFHGZLWKFKDOOHQJHVOLNHYDU\LQJPHFKDQLFDOSURSHUWLHVDQGVXUIDFHURXJKQHVVERWKGHSHQGLQJRQDQDEXQGDQFHRI
SURFHVVSDUDPHWHUV7KHUHIRUHWKHWHFKQRORJ\LVLQSDUWLFXODUXVHGIRUSURWRW\SLQJDQGQHDUQHWVKDSHVHPLILQLVKHG
SURGXFWVWKDWJHWUHZRUNHGE\PLOOLQJRUJULQGLQJ)XUWKHUPRUHWKHTXDOLW\RIWKHSDUWLVKLJKO\GHSHQGHQWRQWKH
NQRZKRZRIWKHRSHUDWRUDQGDWOHDVWWKHSURGXFWLRQWLPHLVYHU\ORQJFRPSDUHGIRUH[DPSOHWRIRUPLQJSURFHVVHV
FRQVHTXHQWO\ LW LV QRW \HW VXLWDEOH IRU PDVV SURGXFWLRQ 7KH XWLOL]DWLRQ RI DGGLWLYH PDQXIDFWXULQJ RI PHWDOV LV
UHVWULFWHGE\WKHOLPLWDWLRQRIWKHUDQJHRIPDWHULDOV(VSHFLDOO\IRUWRROPDQXIDFWXULQJWKHHVWDEOLVKHGPDWHULDOVFDQ
KDUGO\ EH SURFHVVHG XVLQJ DGGLWLYHPDQXIDFWXULQJ WHFKQLTXHV DVPRVW RI WKHP DUH FODVVLILHG DV GLIILFXOW WRZHOG
7KHUPDO LQGXFHG WHQVLRQV FDXVHGE\ WKHKLJK FRROLQJ UDWHVGXULQJZHOGLQJPD\ OHDG WR FUDFNV LQVLGH WKH DGGHG
PDWHULDO7KHUHIRUHWKHSDUWVWHPSHUDWXUHGXULQJZHOGLQJKDVWREHUHJXODWHG2QWKHRWKHUKDQGWKHSURGXFWLRQRI
SDUWVE\XVLQJSRZGHUSURYLGHVDQRSSRUWXQLW\WRSURFHVVDOOR\VWKDWDUHFKDOOHQJLQJWRFDVW>6DQGHU@
+\EULGDGGLWLYHSURFHVVHV
(VSHFLDOO\IRUODUJHYROXPHWKHSURGXFWLRQVSHHGLQDGGLWLYHPDQXIDFWXULQJGRHVQRWDOORZDQHFRQRPLFDOXVDJH
RI WKLV WHFKQRORJ\ 7KHUHIRUH WKH LQFOXVLRQ RI DGGLWLYH SURFHVVHV LQWR WKH SURGXFWLRQ FKDLQ RI FRQYHQWLRQDO
PDQXIDFWXULQJLVSDUWRIWKHUHFHQWUHVHDUFKZKLFKFRQFOXGHVK\EULGSURFHVVHV$VWKHDGGLWLYHPDQXIDFWXULQJLVD
VHTXHQFHGPHWKRGWKHFRPELQHGSURFHVVHVVKRXOGEHUHSHDWDEOHLQVHTXHQFHVDVZHOO
7KHPRVWREYLRXVFRPELQDWLRQLVWKHDGGLWLYHPDQXIDFWXULQJE\DGHSRVLWLRQSURFHVVZLWKDVXEWUDFWLYHSURFHVV
OLNHPLOOLQJ%RWKWHFKQRORJLHVUHTXLUHDD[LVPDFKLQHIRUDIXOOWKUHHGLPHQVLRQDOSURFHVVLQJ
$NXOD HW DO >$NXOD @ LQWHJUDWHG D PDFKLQH IRU *DV0HWDO $UF:HOGLQJ *0$: LQWR D &1&PLOOLQJ
V\VWHP)RUWKHILQDOK\EULGSURFHVVDGHSRVLWHGOD\HULVPLOOHGSODQDUEHIRUHWKHQH[WOD\HUJHWVGHSRVLWHG2QFHD
QHDUQHWVKDSHLVDFKLHYHGWKHUHTXLUHGSURILOHLVPLOOHGWRFRPSOHWHWKHSDUW%\XVLQJWKLVPHWKRGWKHSURGXFWLRQ
WLPH IRU PDQXIDFWXULQJ PROGV DQG GLHV FDQ EH UHGXFHG VLJQLILFDQWO\ 7KH ODWHVW UHVHDUFK LV WUHDWLQJ ZLWK WKH
XWLOL]DWLRQRIDQDXWRPDWLFWRROFKDQJLQJV\VWHPWRGHFRXSOHWKHZHOGLQJWRROGXULQJPLOOLQJ
.HUVFKEDXPHUDQG(UQVW>.HUVFKEDXPHU@LQWHJUDWHGD/0'QR]]OHLQWRDD[LV&1&PDFKLQLQJV\VWHP
LQ  ,Q WKHLU SURFHVV WKH DGGLWLYHO\ EXLOW FRPSRQHQW LVPDFKLQHG DIWHU HYHU\ IHZ OD\HUV WR DOORZPDFKLQLQJ
DFFHVVZLWKVPDOOWRROVLQWRFRPSOH[LQWHUQDOJHRPHWULHV,QWKLVVWXG\WKH\LGHQWLILHGWKDWDOWHUQLQJODVHUGHSRVLWLRQ
ZHOGLQJDQGPDFKLQLQJRSHUDWLRQVGRQRWSHUPLWWKHXVHRIFRROLQJOXEULFDQWV)XUWKHUPRUHLWLVKLJKOLJKWHGWKDWIRU
WKHPLOOLQJWRROVPDWHULDOVZKLFKFDQUHVLVWPDFKLQLQJRIDGYDQFHGDOOR\VDWKLJKWHPSHUDWXUHVDUHQHFHVVDU\7KLV
FRPELQDWLRQ RI D /0' WRRO DQG D &1&PLOOLQJ FHQWHU LV QRZDGD\V WKHPRVW LQWHUHVWLQJ WHFKQLTXH IRU D K\EULG
SURFHVV6HYHUDOSURGXFHUVZKLFKDUHNQRZQIRUWKHLUFRPSHWHQFHVLQ&1&PDFKLQLQJFHQWHUVDUHLQYHVWLJDWLQJDQG
GHYHORSLQJWKHLQWHJUDWLRQRID/0'PDFKLQHLQWRWKH&1&VHWXS
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7KH'0*025,6(,.,$* LVRQHRI WKH ILUVW FRPSDQLHV WKDWEXLOW DK\EULGPDFKLQH IRUFRPPHUFLDO VDOHE\
FRPELQLQJ /0' DQG PLOOLQJ >'0*025, @ $V GHPRQVWUDWLRQ SDUW WKH\ SUHVHQW D UHDG\ WR XVH WXUELQH
KRXVLQJZLWKFRQQHFWLRQSRUWVIRUIXHOIHHGHQWLUHO\EXLOWE\WKHK\EULGSURFHVVZLWKLQDSSUR[LPDWHO\KRXUV
,Q2FWREHU:)/0LOOWXUQ*PE+	&R.*SUHVHQWHGWKHLUK\EULGPDFKLQH6LPLODUWRWKDWRI'0*025,
LWXVHVWKH/0'DVWKHDGGLWLYHPDQXIDFWXULQJWHFKQRORJ\EXWWKHPDFKLQHLVHTXLSSHGZLWKDGULOOFKXQNWKDWDOORZV
WXUQLQJ >6FK|SI @ 7KXVPLOOLQJ DQG WXUQLQJ DUH FRPELQHGZLWK WKH DGGLWLYHPDQXIDFWXULQJ LQFUHDVLQJ WKH
IOH[LELOLW\RIWKHK\EULGSURFHVV)XUWKHUPRUHWKHODVHULVXVHGIRUVXUIDFHKHDWWUHDWPHQWOLNHKDUGHQLQJ&RPELQLQJ
DOO WKRVHSURFHVVHV WKHSURGXFWLRQRI UHDG\IRUXVHFRPSRQHQWVFDQEHFRPSOHWHG LQVLGHRQHPDFKLQHZLWKRXW UH
FODPSLQJRIWKHZRUNSLHFH
$VPHQWLRQHGDERYHWKH+HUPOH$*GHYHORSHGWKHLURZQDGGLWLYHPDQXIDFWXULQJSULQFLSOHZLWK0HWDO3RZGHU
$SSOLFDWLRQWKDWLVLQFOXGHGLQRQHRI+HUPOHV&1&PLOOLQJFHQWHUV>+HUPOH@2QHRIWKHPDLQDGYDQWDJHVLV
WKHVLJQLILFDQWORZHUWHPSHUDWXUHRIWKHZRUNSLHFHGXULQJWKHDGGLWLYHSURGXFWLRQDQGWKHUHIRUHWKHSRVVLELOLW\WRRI
FRQYHQWLRQDOPLOOLQJWRROPDWHULDOV
7RIDFHWKHGLVDGYDQWDJHRIDURXJKVXUIDFHDQGKLJKSRURVLW\DQGFRQVHTXHQWO\YDU\LQJPHFKDQLFDOSURSHUWLHVRI
DGGLWLYH PDQXIDFWXUHG VWUXFWXUHV WKH ,QVWLWXWH RI )RUPLQJ 7HFKQRORJ\ DQG /LJKWZHLJKW &RQVWUXFWLRQ DW WKH
8QLYHUVLW\ LQ'RUWPXQG*HUPDQ\ FRPELQHG D K\EULGPDFKLQH VHWXSRI'0*025,ZLWK D WRRO IRU LQFUHPHQWDO
IRUPLQJ >7HNND\D @ 7KH VWHS RI LQFUHPHQWDO IRUPLQJ ZLOO EH LQYHVWLJDWHG WR FRPSUHVV WKH PDWHULDO DIWHU
VHYHUDOOD\HUVDQGDOVRWRVPRRWKHQDQGVWUDLQKDUGHQWKHVXUIDFHDIWHUWKHDGGLWLYHPDQXIDFWXULQJ
$IXOO\DXWRPDWHGV\VWHPIRU UHSDLULQJZRUQRXWGLHVDQGPROGVZDVGHYHORSHGE\ WKH)UDXQKRIHU ,QVWLWXWHRI
3URGXFWLRQ7HFKQRORJ\>%UHFKHU@6LPLODUWRWKHGHVFULEHGPDFKLQHV\VWHPVWKHVHWXSZDVDFRPELQDWLRQRI
/0'DQGDD[LVPLOOLQJPDFKLQH7RUHDOL]HWKHDXWRPDWHGSURGXFWLRQWKHV\VWHPLVDOVRHTXLSSHGZLWKDQRSWLFDO
PHDVXUHPHQW VHQVRU ZRUNLQJ ZLWK ODVHU WULDQJXODWLRQ 7KDW DOORZV WKH DQDO\VLV RI WKH ZRUQRXW WRRO DQG WKH
FDOFXODWLRQRIWKHUHTXLUHGDUHDWKDWKDVWREHUHZRUNHG$IWHUZDUGVWKHWRROFDQEHSUHSDUHGIRUZHOGLQJE\PLOOLQJ
DQGUHSDLUHGE\/0'7RFRPSXWHWKHIXUWKHUPLOOLQJVWHSIRUVXUIDFHILQLVKLQJWKHUHZRUNHGDUHDJHWVVFDQQHGE\
WKHRSWLFDOPHDVXUHPHQWV\VWHPDJDLQ
)RUWKHWHFKQRORJ\RIVHOHFWLYH/DVHU%HDP0HOWLQJTXDVLK\EULGSURFHVVHVZKHUHWKHDGGLWLYHPDQXIDFWXULQJLV
LQWHJUDWHG LQ WKH SURGXFWLRQ FKDLQ DUH GHYHORSHG DQG VWLOO SDUW RI WKH DFWXDO UHVHDUFK 7KH PDLQ LGHD LV WR
PDQXIDFWXUHJHRPHWULFDOVLPSOHVHJPHQWVRIDSDUWE\FRQYHQWLRQDOSURFHVVHV OLNHIRUJLQJRUVKHHWPHWDOIRUPLQJ
DQGXVLQJWKHDGGLWLYHPDQXIDFWXULQJWRDGGIXQFWLRQDOJHRPHWULFDOFRPSOH[HOHPHQWVRQWRWKHVHJPHQWVVXUIDFH
$QH[DPSOHZRXOGEHDQLPSHOOHUGHVLJQHGE\WKH5RVVZDJ*PE+ZKHUHWKHPDLQSDUWWKDWWUDQVIHUVWKHIRUFHVLV
IRUJHG%\ XVLQJ/%0 WRPDQXIDFWXUH WKH EODGHV FDQDOV FRXOG EH LQWHJUDWHG WKDW HIIHFW WKH ERXQGDU\ OD\HU IORZ
>5RVVZDJ@
$GGLWLYH0DQXIDFWXULQJLQ)RUPLQJ7HFKQRORJ\
$W WKH ,QVWLWXWHRI0DQXIDFWXULQJ7HFKQRORJ\ LW LV LQYHVWLJDWHG WRFRPELQHDVHOHFWLYHSRZGHUPHOWLQJSURFHVV
ZLWK WKH FRQYHQWLRQDO VKHHW PHWDO IRUPLQJ SURFHVV )XUWKHU LQYHVWLJDWLRQV DUH RQ WKH DGGHG YDOXH RI DGGLWLYH
PDQXIDFWXULQJIRUWRROSURGXFWLRQRIVKHHWPHWDOIRUPLQJDVZHOODVKRWDQGFROGIRUJLQJWRROV
4.1. Combination of sheet metal forming and laser beam melting 
3RZGHU EHG EDVHG DGGLWLYH PDQXIDFWXULQJ $0 SURFHVVHV VXFK DV ODVHU /%0 DQG HOHFWURQ EHDP PHOWLQJ
(%0DUHFKDUDFWHUL]HGE\DGYDQWDJHVVXFKDVWKHDELOLW\WRSURGXFHXQLTXHDQGLQGLYLGXDOJHRPHWULHVDQGEHLQJ
KLJKO\ PDWHULDO HIILFLHQW >&DQVL]RJOX @ 1HYHUWKHOHVV WKHVH PDQXIDFWXULQJ WHFKQRORJLHV DUH OLPLWHG LQ
PDQXIDFWXULQJVSHHGDQGPD[LPXPJHRPHWULFDOVL]HRIIDEULFDEOHSDUWV7RRYHUFRPHWKHVHGLVDGYDQWDJHVWKHDLP
RI WKH UHVHDUFKZRUNZLWKLQ WKH&ROODERUDWLYH5HVHDUFK&HQWHU  LV WR FRPELQH$0ZLWK VKHHWPHWDO IRUPLQJ
SURFHVVHV7KHUHE\WKHDGYDQWDJHVRIIRUPLQJVXFKDVVKRUWSURGXFWLRQWLPHDQGWKHDELOLW\WRSURGXFHODUJHVFDOHG
SDUWVVKRXOGEHPHUJHGZLWKWKHEHQHILWVRI$0SURFHVVHV3DUWVPDQXIDFWXUHGE\WKHFRPELQHGSURFHVVHVIRUPLQJ
DQG$0ZLOO IXUWKHUEHQDPHGK\EULGSDUWV$V WKHDOOR\7L$O9 LV WKHPRVW LPSRUWDQW WLWDQDOOR\XWLOL]HGRQ
PHGLFDO DSSOLFDWLRQV DQG DHURVSDFH LQGXVWU\ LW LV XVHGZLWKLQ WKLVZRUN DV H[HPSODU\PDWHULDO WR LQYHVWLJDWH WKH
FRPELQHGSURFHVVFKDLQRIIRUPLQJDQG$0>3HWHUV@,WLVVWDWHRIWKHDUWWKDWODVHUDQGHOHFWURQEHDPPHOWLQJ
HQDEOH WKHSURGXFWLRQRIGHQVH7L$O9SDUWVZLWKJRRGPHFKDQLFDOSURSHUWLHV >6FKDUZVN\@8QWLOQRZ
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WKHFRPELQDWLRQRI WKH$0DQGEXONPHWDOKDVEHHQUHVHDUFKHGFRQVLGHUDEO\ >*UDI@1HYHUWKHOHVV IRU WKH
FRPELQDWLRQ RI VHPLILQLVKHG VKHHW SDUWV DQG DGGLWLYH PDQXIDFWXULQJ RI YROXPHWULF HOHPHQWV WKHUH LV D ODFN RI
H[LVWLQJ UHVHDUFK DQG NQRZOHGJH )XQGDPHQWDO UHVHDUFK KDV EHHQ IXOILOOHG E\ 6FKDXEHWDO >6FKDXED@ WR
FRPELQHIODWVKHHWPHWDOZLWKDQLQLWLDOWKLFNQHVVUDQJHIURPW PPWRW PP:LWKLQWKLVUHVHDUFKZRUN
LWKDVEHHQSURYHQWKDWLWLVSRVVLEOHWRPDQXIDFWXUHGHQVHK\EULGSDUWVFRQVLVWLQJRIIODW7L$O9VKHHWPHWDODQG
YROXPHWULFHOHFWURQEHDPPDQXIDFWXUHGHOHPHQWVRI7L$O9SRZGHU&RPSDUDEOHUHVXOWVKDYHEHHQSUHVHQWHGE\
6FKDXEHWDO>6FKDXEE@IRUWKHPDQXIDFWXULQJRIK\EULGSDUWVE\ODVHUEHDPPHOWLQJ:LWKLQWKHUHVHDUFKLW
KDVEHHQSUHVHQWHG WKDW LQ FRPSDULVRQ WR(%0K\EULGSDUWVPDQXIDFWXUHGE\/%0FDQKLJKO\EH LQIOXHQFHGE\
EULWWOH R[LGHV ZLWKLQ WKH ILUVW DGGLWLYH PDQXIDFWXUHG OD\HUV >6FKDXED@ ,W LV IXUWKHU VWDWH RI WKH DUW WKDW
PHFKDQLFDO DQG PHWDOOXUJLFDO FKDUDFWHULVWLFV RI 7L$O9PDQXIDFWXUHG E\ /%0 LV KLJK VHQVLWLYH WR SRVW KHDW
WUHDWPHQW>9UDQFNHQ@7KLVIDFWKDVDOVREHHQSURYHGIRUK\EULG7L$O9SDUWVFRQVLVWLQJRIIODWVKHHWDQG
IXQFWLRQDO HOHPHQWVPDQXIDFWXUHG E\ /%0E\ 6FKDXEHWDO >6FKDXEE@ %DVHG RQ WKH LQYHVWLJDWLRQV GHHS
GUDZLQJ /%0 DQG KHDW WUHDWPHQW KDV EHHQ GHYHORSHG DV D VXLWDEOH SURFHVV FKDLQ WR UHDOL]H K\EULG SDUWV>$KXMD
@$QH[HPSODU\K\EULGSDUWYLVXDOL]HGLQ)LJKDVEHHQSURGXFHGDQGDQDO\]HG



)LJ+\EULGSDUWPDQXIDFWXUHGE\WKHFRPELQDWLRQRIGHHSGUDZLQJDQG/%0
,Q RUGHU WR UHDOL]H WKH FRPELQHG SURFHVV FKDLQ GHHS GUDZLQJ RI 7L$O9 VKHHW PHWDO ZLWK DQ LQLWLDO VKHHW
WKLFNQHVVRIW PPKDVEHHQIRUPHGDWDQHOHYDWHGWHPSHUDWXUHRI&7RROVHWXSKDVEHHQGHVLJQHGDQG
LPSOHPHQWHG WRFODPS WKH IRUPHGVKHHWZLWKLQ WKH/%0PDFKLQH6/0+/IURP6/06ROXWLRQV*PE+7KH
IXQFWLRQDO HOHPHQW LV FKDUDFWHUL]HG E\ D F\OLQGULFDO JHRPHWU\ ZLWK D GLDPHWHU RI G PP 0HFKDQLFDO
FKDUDFWHULVWLFVRIWKHK\EULGSDUWKDVEHHQDQDO\]HGE\DSSO\LQJVKHDUVWUHVVDWWKHFRQQHFWLRQ]RQHEHWZHHQVKHHW
PHWDODQGDGGLWLYHIXQFWLRQDOHOHPHQW:LWKWKHH[SHULPHQWDOWHVWLQJKLJKPHFKDQLFDOFKDUDFWHULVWLFVRIWKHK\EULG
SDUW ZLWK VKHDU VWUHQJWK RI 03D03D KDYH EHHQ SURYHG >$KXMD @ )XUWKHU LQYHVWLJDWLRQV RI WKLV
SURMHFWZLOOIRFXVRQWKHLQWHUDFWLRQ]RQHEHWZHHQVKHHWVDQDGGLWLYHHOHPHQW,QLWLDOVWUHVVVWDWHVDQGVKHHWWKLFNQHVV
YDULDWLRQRIWKHIRUPHGVKHHWDUHH[SHFWHGWREHWZRVLJQLILFDQWSDUDPHWHUVLQWKLVFRQWH[W)RUIXUWKHULQYHVWLJDWLRQ
RIWKHFRPELQHGSURFHVVFKDLQDZLGHUDQJHRIVWUHVVVWDWHVZLOOEHLQGXFHGLQWKHVHPLILQLVKHGVKHHWE\IRUPLQJ
RSHUDWLRQVVXFKDVVXSHUSODVWLFIRUPLQJDVZHOODVEHQGLQJDQGGHHSGUDZLQJDWHOHYDWHGWHPSHUDWXUHV
4.2. Innovative surface treatment for wear reduction on hot stamping tools 
+RWVWDPSLQJLVDVXLWDEOHPHWKRGIRUPDQXIDFWXULQJXOWUDKLJKVWUHQJWKVWUXFWXUDOVWHHOFRPSRQHQWV7KHVHPL
ILQLVKHGSDUWVFDQDFKLHYHDQXOWLPDWH WHQVLOH VWUHQJWKRIDSSUR[LPDWHO\03DDQGKLJKDFFXUDF\ >.DUEDVLDQ
@,QGLUHFWKRWVWDPSLQJDEODQNLVKHDWHGXSIRUVHYHUDOPLQXWHV LQDUROOHUKHDUWKIXUQDFH$IWHUZDUGVWKH
KHDWHG EODQN LV IRUPHG DQG TXHQFKHG LQ WKH SUHVV DQG FXW WR WKH ILQDO JHRPHWU\ >0HUNOHLQ @ 'XULQJ WKLV
SURFHVVWKHIRUPLQJWRROVDUHKLJKO\WKHUPRPHFKDQLFDOO\VWUHVVHGZKLFKUHVXOWVLQDEUDVLYHDQGDGKHVLYHZHDU,Q
RUGHUWRSUHYHQWDQH[SHQVLYHUHZRUNRIWKHWRROVDZLUHEDVHGODVHUDOOR\LQJSURFHVVLVGHYHORSHGWRLQIOXHQFHWKH
SURSHUWLHV RI WKH EDVH PDWHULDO 7KH SURILWDELOLW\ FDQ EH LQFUHDVHG DQG D PRUH KRPRJHQRXV GLVWULEXWLRQ RI WKH
DOOR\LQJHOHPHQWV LVSRVVLEOHE\XVLQJDZLUH LQVWHDGRIDSRZGHU%\XVLQJD ODVHUDOOR\LQJSURFHVV WKHVWHSVRI
UHPRYDO RI FRDWLQJ DQG DGKHVLYH OD\HU GHSRVLWLRQ ZHOGLQJ DQG UHFRDWLQJ FDQ EH UHGXFHG ,Q DGGLWLRQ D ORFDO
GHHSGUDZQVKHHW
DGGLWLYHPDQXIDFWXUHG
IXQFWLRQDOHOHPHQW
7L$O9/%0
K\EULGSDUW
PP
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PRGLILFDWLRQ RI KLJKO\ VWUHVVHG VXUIDFH DUHDV LV SRVVLEOH 7KH RYHUDOO SXUSRVH RI DSSO\LQJ WKLV DGGLWLYH
PDQXIDFWXULQJPHWKRG LV WR LQFUHDVH WKHZHDU UHVLVWDQFH RI WKH WRROV$ ILEHU ODVHU RI ,3*</6 LV XVHG LQ
FRPELQDWLRQ RI D 'VFDQQHU 0LUURUV DUH XVHG WR JHQHUDWH D FLUFXODU EHDP RVFLOODWLRQ 7KH ODVHU EHDP KDV D
PD[LPDOIUHTXHQF\RIN+]ZKLFKKHDWVDZLUHVKDSHGILOOHUPDWHULDOWRDFKLHYHGLIIXVLRQRIWKHDOOR\LQJHOHPHQWV
LQWRWKHEDVHPDWHULDO7KHODVHUEHDPLVJXLGHGFRQWLQXRXVO\LQWKHODVHUDOOR\LQJSURFHVV7KHZHOGLQJZLUH
KDV WKH QHFHVVDU\ HOHPHQW FRPSRVLWLRQ RI PRO\EGHQXP FKURPLXP DQG QLFNHO WR LQFUHDVH WKH VXUIDFH KDUGQHVV
0RO\EGHQXP LPSURYHV WKHZHDU UHVLVWDQFH DW KLJK WHPSHUDWXUHV DQG FKURPLXP LQFUHDVHV WKHZHDU DQGR[LGDWLRQ
UHVLVWDQFHRIKRWZRUNLQJVWHHOVZKLOHQLFNHOLQFUHDVHVWKHKDUGQHVV>'RHJH@8QOLNHFRQYHQWLRQDOPHWKRGV
OLNHSRZGHUEHGIXVLRQ WKHZLUHEDVHGPHWKRGJHQHUDWHVDFRQVWDQW OD\HU WKLFNQHVVDQGHQVXUHVDKLJKHUPDWHULDO
XWLOL]DWLRQ$JDSGLVWDQFHRIPD[LPDOPPEHWZHHQWKHZLUHDQGWKHZRUNSLHFHLVQHHGHGWRSURYLGHDVXIILFLHQW
DPRXQW RI DOOR\LQJ HOHPHQWV >+RIPDQQ @%DVHG RQ H[SHULPHQWDO UHVXOWV WKHPDWHULDO VXSSO\ GHFUHDVHV IRU
KLJKHU GLVWDQFHV$KRPRJHQRXV GLIIXVLRQ EHWZHHQ WKH DOOR\LQJ HOHPHQWV DQG WKH EDVHPDWHULDO LV DFKLHYHGE\ D
PLQLPXP IHHGLQJ YHORFLW\ RI PPV $W ORZHU YHORFLWLHV WKH PDWHULDO VXSSO\ LV LUUHJXODU ZKLFK UHVXOWV LQ DQ
LQWHUUXSWLRQ RI D FRQWLQXRXV HOHPHQW GLIIXVLRQ 7KH GHJUHH RI GLOXWLRQ LV XVHG WR GHVFULEH WKH GLIIXVLRQ RI WKH
DOOR\LQJHOHPHQWVZLWK WKHEDVHPDWHULDO LQGHSHQGHQF\RI WKH OLQHPDVV7KH OLQHPDVVTXDQWLILHV WKHDPRXQWRI
DOOR\LQJ HOHPHQWV VXSSOLHG SHU XQLW OHQJWK 7KH GHJUHH RI GLOXWLRQ LV GLUHFWO\ SURSRUWLRQDO WR WKLV SDUDPHWHU
$GGLWLRQDOO\DSRVLWLRQLQJRIWKHZLUHDWDQDQJOHRIWRWKHZRUNSLHFHVXUIDFHLVUHTXLUHG$ZLUHIHHGDERYHWKLV
DQJOHOHDGVWRSURFHVVLQVWDELOLWLHVZLWKDQLUUHJXODUPHOWIORZ7ZRGLIIHUHQWWRROVWHHOVZHUHH[DPLQHGLQWKHZLUH
EDVHGODVHUDOOR\LQJSURFHVVDKDUGHQHGDQGXQKDUGHQHGWRROVWHHO:39LVD&U0R9DOOR\HGVSHFLDOVWHHOZKLFK
ZDV FKRVHQ IRU WKH H[SHULPHQWV EHFDXVH RI LWV YHU\ KLJK WRXJKQHVV DQG D KLJK ZHDU UHVLVWDQFH DW HOHYDWHG
WHPSHUDWXUHV>'|UUHQEHUJ@7KHEDVHPDWHULDORI:39FRQVLVWVRIDPDUWHQVLWLFVWUXFWXUHDIWHUKDUGHQLQJZKLOHWKH
XQKDUGHQHGWRROVWHHOLVDK\SHUHXWHFWRLGVWHHOZKLFKOLJDWHVFDUERQLQFDUELGHVDQGQRPDUWHQVLWLFVWUXFWXUH
FDQEHIRUPHG,QFRQWUDVW WR WKH:39LW LVSRVVLEOH WRDFKLHYHDQLQFUHDVHGVXUIDFHKDUGQHVVIRU WKHE\
7KHUHVXOWVDUHLOOXVWUDWHGLQ)LJ


)LJ0LFURKDUGQHVVSURILOHRIDOOR\HGOLQHVDQGEDVHPDWHULDO>+RIPDQQ@
$QLPSURYHPHQWRIWKHVXUIDFHKDUGQHVVRI:39FDQQRWEHDFKLHYHGZLWKWKHXVHGDOOR\LQJHOHPHQWV'XHWR
WKH PDUWHQVLWLF VWUXFWXUH WKH KDUGQHVV PLJKW EH DW LWV PD[LPXP OHYHO DQG IRU WKLV UHDVRQ D IXUWKHU LQFUHDVH LV
XQOLNHO\ 7KH WRRO VWHHO JUDGH  ZDV VHOHFWHG IRU SUHOLPLQDU\ WHVWV EXW WKH UHVXOWV FDQ EH DSSOLHG WR
FRQYHQWLRQDOKRWIRUPLQJWRROVWHHOJUDGHV
&RPELQLQJ WKH NQRZOHGJH DERXW WKH IRUPLQJ SURFHVVZLWK GHYHORSPHQW RI LQQRYDWLYH DGGLWLYHPDQXIDFWXULQJ
SURFHVVHVOHDGVWRLPSURYHGWRROSHUIRUPDQFH%\XVLQJDZLUHEDVHGODVHUDOOR\LQJSURFHVVWKHZHDUUHVLVWDQFHRI
KLJKORDGDUHDVFDQORFDOO\EHLQFUHDVHGDQGZRUQVXUIDFHVFDQEHUHSDLUHGHDVLO\$GGLWLRQDOO\DIOH[LEOHFKRLFHRI
DOOR\ FRPSRVLWLRQ EURDGHQV WKH UDQJH RI SRVVLEOH PRGLILFDWLRQ RI WKH WRRO VXUIDFH SURSHUWLHV GHSHQGLQJ RQ WKH
SDUDPHWHUV RI WKH PDQXIDFWXULQJ SURFHVV )XUWKHU LQYHVWLJDWLRQ ZLOO EH QHFHVVDU\ WR DQDO\]H WKH LQIOXHQFH RI
+] +]
PP PP
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GLIIHUHQW DOOR\LQJ HOHPHQWV RQ WKHPDWHULDO SURSHUWLHV DQG WKHZHDUEHKDYLRU GXULQJ WKH KRW VWDPSLQJSURFHVV ,Q
RUGHUWRGHYHORSDVWDEOHODVHUDOOR\LQJSURFHVVZLWKFRQVWDQWUHVXOWVWKHSURFHVVZLQGRZZLOOEHH[DPLQHGDQGWKH
HIIRUWRIWKHUHZRUNRQWRROVXUIDFHVZLOOEHHYDOXDWH
4.3. Tailored forging tools by using Laser Metal Deposition 
7KH LQFUHDVLQJSRUWIROLRRI FXVWRPL]HG FRPSRQHQWV LQ WKH LQGXVWU\ OHDG WR VKRUWHU FKDQJHRYHU F\FOHV >5DVWRJL
@ WKXV WKHFRVWVRID WRROKDYH WREHDPRUWL]HGZLWKD ORZQXPEHURISURGXFWV)RUSDUWVPDQXIDFWXUHGE\
IRUJLQJ SURFHVVHV WKDW WUHQG OHDGV WR YHU\ H[SHQVLYH SURGXFWV 7KH VWDWH RI WKH DUW LQ WRRO SURGXFWLRQ LV WKH
PDQXIDFWXULQJE\PLOOLQJUHVXOWLQJLVKLJKFKLSSLQJYROXPHVRIKLJKVWUHQJWKWRROVWHHO7KLVOHDGVWRKLJKZHDURI
FXWWLQJ WRROV 7R UHDOL]H WKH PDVV FXVWRPL]DWLRQ D PRUH HFRQRPLFDO SURFHVV IRU WRRO PDQXIDFWXULQJ KDV WR EH
LQYHVWLJDWHG$V/DVHU0HWDO'HSRVLWLRQLVDOUHDG\XVHGWRUHSDLUZRUQRXWIRUPLQJWRROVWKLVSURFHVVLVLQYHVWLJDWHG
IRUWKHSURGXFWLRQRIDFWLYHHOHPHQWVRQIRUJLQJWRROV7KXVWKHFKLSSLQJYROXPHFDQEHUHGXFHGVLJQLILFDQWO\
)LUVWLQYHVWLJDWLRQVZHUHPDGHZLWKWKHORZFDUERQPDUDJLQJVWHHOWKDWLVFRPPRQO\XWLOL]HGE\/%0WKH
SURGXFWLRQ RIPROGV IRU LQMHFWLRQPROGLQJ DQG WKH SURSHUWLHV RI WKLV VWHHO IXOILO WKH UHTXLUHPHQWV IRU KRW IRUJLQJ
WRROV$IWHU WKHKHDW WUHDWPHQW IRU DUWLILFLDO DJHLQJRI DGGLWLYHPDQXIDFWXUHG VSHFLPHQV WKHPHFKDQLFDOSURSHUWLHV
ZHUHQRWGHSHQGHQWRQ/0'SDUDPHWHUVEXWZHUHVOLJKWO\ORZHUWKDQWKRVHRIFRQYHQWLRQDOPDQXIDFWXUHGPDWHULDO
$QDQDO\VLVRIFURVVVHFWLRQVEXLOWE\/0'VKRZHGWKHH[LVWHQFHRILQFOXVLRQVRI7L2$VWKHWLWDQLXPLVQHFHVVDU\
IRU WKH FUHDWLRQ RI SUHFLSLWDWLRQV WKDW FDXVH WKH LQFUHDVLQJ VWUHQJWK GXULQJ DUWLILFLDO DJHLQJ WKH IDFW WKDW LW LV
HQFDSVXODWHG LQVLGH WKH7L2PROHFXOH OHDGV WR D ORZHU VWUHQJWK FRPSDUHG WR FRQYHQWLRQDOPDQXIDFWXUHGPDWHULDO
>-XQNHU@)XUWKHUPRUHIRUWKHDOWHUQLQJORDGGXULQJIRUJLQJWKHVHLQFOXVLRQVFRXOGLQLWLDWHFUDFNVWKDWOHDGWR
WRRO IDLOXUH )XUWKHU LQYHVWLJDWLRQV DUH PDGH ZLWK D PHGLXPDOOR\HG WRRO VWHHO WKDW LV PRUH FRPPRQ LQ WRRO
SURGXFWLRQ:LWK DQ DPRXQW RI DERXW  FDUERQ WKLV VWHHO LV FODVVLILHG DV GLIILFXOW WR ZHOG DV WKH VWUXFWXUDO
PHFKDQLVPVFDXVHGE\WKHKHDWWUHDWPHQWGXULQJZHOGLQJOHDGWRKLJKLQWHUQDOVWUHVVHV'XHWRWKHKLJKHQHUJ\LQSXW
E\WKH/0'SURFHVVWKHVWUHVVHVLQVLGHWKHVWUXFWXUHUHVXOWLQJIURPWKHWKHUPDOJUDGLHQWDUHPRGHUDWHDQGGHIHFWIUHH
VWUXFWXUHVFRXOGEHSURGXFHG$PLFURKDUGQHVVPHDVXUHPHQWVKRZHGDKDUGQHVVJUDGLHQWLQEXLOGLQJGLUHFWLRQWKDW
GHSHQGVRQWKHSURFHVVHGPDWHULDODQGLWVKDUGHQLQJPHFKDQLVPLOOXVWUDWHGLQ)LJ

)LJ+DUGQHVVGLVWULEXWLRQLQ=GLUHFWLRQIRUWRROVWHHODQGPHGLXPDOOR\HGWRROVWHHODIWHUDGGLWLYHPDQXIDFWXULQJXVLQJ/0'
)XUWKHUPRUH LW FRXOG EH LGHQWLILHG WKDW WKH KDUGQHVV RI DGGLWLYH PDQXIDFWXUHG PHGLXPDOOR\HG WRRO VWHHO  LV
PHDVXUHGZLWKDPD[LPXPDWDERXW+9ZKLFKLVZD\KLJKHUWKDQWKHFRQYHQWLRQDOKDUGQHVVRIWRROVRXWRI
WKLVPDWHULDORIDERXW+9)XUWKHUPRUH WKHPHFKDQLFDOSURSHUWLHVRI WKHDGGLWLYHPDQXIDFWXUHGPDWHULDO
VKRZ D KLJKHU VWUHQJWK EXW DOVR D PRUH EULWWOH IUDFWXUH EHKDYLRU WKDQ FRQYHQWLRQDO PDQXIDFWXUHG DQG KDUGHQHG
PDWHULDO $IWHU D KHDW WUHDWPHQW WKH PHFKDQLFDO SURSHUWLHV DUH VLPLODU WR WKRVH RI FRQYHQWLRQDO PDWHULDO $V WKH
VXUIDFH KDUGQHVV RI DGGLWLYH PDQXIDFWXUHG SDUWV LV WKDW KLJK WKH DFWXDO UHVHDUFK WUHDWV ZLWK DQ DGDSWHG KHDW
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WUHDWPHQW$GGLWLRQDOLQYHVWLJDWLRQVZHUHFRQGXFWHGRQWKHSURFHVVLQJRIKLJKFDUERQWRROVWHHOZLWKDQDPRXQWRI
FDUERQXSWR8QOHVVWKHGLIILFXOWZHOGDELOLW\FXEHVZLWKDQHGJHOHQJWKRIPPFRXOGEHSURGXFHGXVLQJ
/0' WKDW UHDFK D UHODWLYHGHQVLW\RIPRUH WKDQ%\XVLQJ DQ H[WHUQDOKHDWLQJ IXUWKHU LPSURYHPHQWVRI WKH
GHQVLW\DUHVXVSHFWHG7KHDLPRIWKHSURMHFWLVWKHDGGLWLYHPDQXIDFWXULQJRIKRWDVZHOODVIRUFROGIRUJLQJWRROV
7KHPHFKDQLFDOFKDUDFWHUL]DWLRQRIWKHVHPDWHULDOVLVVWLOOSDUWRIFXUUHQWUHVHDUFK
$EHQHILFLDOYDOXHRIWKHXWLOL]DWLRQRI/0'IRUWRROSURGXFWLRQLVWKHRSSRUWXQLW\RISURFHVVLQJVHYHUDOPDWHULDOV
ZLWKLQRQHSURFHVV7KHLQFOXVLRQRIFHUDPLFSDUWLFOHVOLNHWXQJVWHQFDUELGHLQWRWKHWRROVVXUIDFHDVZHOODVDQLQ
VLWX DOOR\LQJ FRXOG EH DWWUDFWLYH WHFKQRORJLHV UHJDUGLQJ WRROPDQXIDFWXULQJ )XUWKHU LQYHVWLJDWLRQV DUH QHHGHG WR
ILJXUHRXWWKHOLPLWVRI/0'SURFHVV
6XPPDU\
7KHWUHQGLQLQGXVWU\WRRIIHUDODUJHSRUWIROLRRISURGXFWVDQGWRVKRUWHQWKHFKDQJHRYHUF\FOHVOHDGWRWKHQHHG
RILQQRYDWLYHQHZPDQXIDFWXULQJSURFHVVHV)DFLQJWKLVFKDOOHQJHDGGLWLYHPDQXIDFWXULQJRIPHWDODVDYHU\IOH[LEOH
SURGXFWLRQ WHFKQRORJ\ SURSRVHV QHZ SRVVLELOLWLHV LQPDQXIDFWXULQJ 7KH DGYDQWDJHV RI WKLV WHFKQRORJ\ OLNH KLJK
JHRPHWULFDO IUHHGRPRSWLPL]HGPDWHULDOXVHDQGHDV\PRGLILFDWLRQRI WKHSURGXFLQJSDUWDUHFRQIURQWHGZLWK WKH
VORZSURGXFWLRQVSHHGRIOD\HURQOD\HUPDQXIDFWXULQJLQDGHTXDWHDFFXUDF\DQGVXUIDFHURXJKQHVV7RVROYHWKRVH
GLVDGYDQWDJHV K\EULG SURFHVVHV DUH GHYHORSHG WKDW FRPELQH DGGLWLYH DQG VXEWUDFWLYH PDQXIDFWXULQJ ZLWKLQ RQH
PDFKLQHVHWXSUHSUHVHQWHGLQ7DEOH'HSHQGLQJRQWKHUHTXLUHPHQWVRIWKHSURGXFHGSDUWV\VWHPVZLWKWKHXVHRI
GLIIHUHQWDGGLWLYHPDQXIDFWXULQJSURFHVVHVDUHDYDLODEOHRQWKHPDUNHW$YLDWLRQDQGVSDFHLQGXVWU\DUHIRFXVLQJRQ
WKH LQWHJUDWLRQ RI /DVHU 0HWDO 'HSRVLWLRQ/0' LQWR D &1& PLOOLQJ FHQWHU ,W DOORZV WKH XVH RI LQQRYDWLYH
OLJKWZHLJKWSRZGHUPDWHULDOVDQGWKHSURGXFWLRQRIILQHVWUXFWXUHV$VXUIDFHILQLVKLQJFDQEHDSSOLHGE\XVLQJVPDOO
PLOOLQJWRROV)RUJHDUVKDIWSURGXFWLRQWKHPDFKLQHVHWXSLVH[SDQGHGE\DGULOOFKXQNDQGWKHODVHUXVHGIRU/0'
LVDOVRXVHGIRUVXUIDFHKDUGHQLQJ7KXVDUHDG\WRXVHJHDUVKDIWFDQEHSURGXFHGZLWKRXWUHFODPSLQJE\XVLQJD
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